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(54) Method of forming a cylindrical heat exchanger header tank 

(57) A method for producing a cylindrical automo- 
tive condenser manHbld tank (28) provides a regularly 
spaced series of tube insertion slots (66) located 
entirely externally to the original outer surface of the 
blank (34) from which the tank (28) is formed. In addt- 
tton. the slots (66) are provided by a peripheral txjlge 
(54) that provides a lead in surface and support shelf for 
the ends (24) of the flat flow tubes (22). The blank (34) 
is hydroformed between a pair of dies (42, 44) designed 
to create the desired external surface features, while 
preserving the round inner surface of the blank (34) 
without an internal support mandrel. 
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Description 
TECHNICAL FIELD 

[0001 ] This invention relates to methods of manufac- 
turing cylindrical heat exchanger header tanks. 

BACKGROUND OF THE INVENTION 



[00021 Automotive heat exchangers, such as air con- 
ditioning condensers, fall into three basic configurations 
or types, tube and fin. serpentine, and parallel flow. All 
three basic designs are decades oW at this point, and 
each presents unique manufacturing challenges. Paral- 
lel flow condensers have a plurality of short flow tubes, 
running horizontally between long, vertical manifold 
tanks, with each end of each flow tiAie joined to a tank 
in a leak free fashion. Serpentine condensers are 
unique in not requiring long header or manifold tante. 
having only one or two long flow tubes that wend back 
and forth in a distinctive sinuous pattern from end to 
end The obvious drawback is the necessity to create a 
plurality of U shaped bends in the very long flow tubes. 
Such integral bends cannot be too sharprand thereby 
limit how closely the straight portions of the tubes can 
be packed and spaced. However, the advantage of not 
having to assure a plurality of leak free braze joints 
between multiple flow tUbe ends and their insertion 
holes in elongated manifold tanks led to their extensive 
use at least before braze technology was improved. 
[00031 Although tube and fin condensers are generally 
parallel flow also, in terms of their refrigerant flow pat- 
tern they are generally referred to just as tube and fin 
condensers, because of the unique, braze free method 
by which their basic cores are produced. In fact. .tube 
and fin was the first design to be produced in large vol- 
umes because of its relatively low cost manufacturing 
proems. A series of round flow tubes, sometmes 
straight, and sometimes U shaped, are inserted though 
holes in planar, flat cooling fins, and expanded out into 
tight mechanical engagement therewith. Thus, the basic 
core has the advantage of a braze and weld free con- 
ductive connection between the flow tubes and the cool- 
ing fins, whfch is very cost effective. K is still necessary, 
however, to braze or weld a pair of header or manifold 
tanks to the ends of the round flow tubes in order to feed 
the refrigerant into and out of the tubes. The header 
tanks are generally cylindrical tubes themselves, some- 
what larger in diameter than the flow tubes, with a series 
of concave cylindrical holes or slots punched inwardly 
along their length for the insertion of the ends of the 
core's flow tubes. The concave conical flare of the tube 
insertion slots acts as a lead in to assist the process of 
inserting the tube ends, and later provides a capillary 
action to create a good, leak free braze seam. Because 
of the distinctive appearance created by the conrave 
flow tube insertion holes, such manifold tanks are often 
referred to as "piccolo" tubes. One obvious advantage 



of the one piece, cylindrical manifold is that it naturally 
aeates a superior pressure vessel, easily able to with- 
stand up to ten atmospheres or more of internal pres- 
sure An example of the type of condenser just 
5 described, with high internal pressure resistance, may 
be seen in the co assigned European Patent Application 
0 138 435 published 24 April 1985 to Farry et al. 
[00041 One disadvantage of a cylindrical manifold pro- 
duced with concave, internally directed tube insertion 
10 slots is the inherent impediment created to the later 
installation of flow separation baffles along the length of 
the manifold. Such baffles divide up the refrigerant flow 
among the flow tubes into two or more, back and forth 
flow paths, somewhat similar to the flow that naturally 
IS occurs in a serpentine condenser. This can improve 
thermal performance in many instances. The difficulty 
arises from the fact that inwardly directed, concave tube 
slots locally disturb the smooth cylindrfcal inner profile 
of the tank. Therefore, the baffles, which are also round 
so or cylindrical, must be inserted in place before the tube 
slots are punched in. Several distinctive manifold pro- 
duction methods have been proposed for round flow 
tubes, in part to ease the baffle insertion process, and 
-also to increase the contact area between tube ends 
25 and manifold tank, so as to improve the braze joint. An 
SAE Technical Paper Series number 890225. entitled 
-Unique Manufacturing Method - Automotive Air Cond- 
tioning Condenser Manifolds" written by Jens S. 
Sorensen and Merle M. Cleeton. from 1989 provides a 
30 good overview of one basic design concept, which is to 
somehow provide external cylindrical stubs, with a sig- 
nificant length running perpendicular to the tank, rather 
than short, inwardly flared tube insertion slots. Such 
external stubs can be produced, at least in theory, with- 
35 out disturbing the cylindrical inner profile of the tank. 
Another alternative would be to use an internal mandrel 
to support the inside wall of the tank, with slots punched 
through the tank wall and into matching cutouts in the 
mandrel. Tube insertion slots so produced, however. 
40 would be inherently flat edged, that is. with little or no 
tube lead in surface at all. neither internal or external. 
Therefore, the only two practical alternatives are inter- 
nal flared tube slots, or external cylindrical tube inser- 
tioi^ stubs. External, cylindrical stubs are expensive and 
45 difficult to produce, however. The SAE paper ated 
details a muW step extruding and machining process to 
produce the external stubs which is lengthy and results 
in a good deal of scrap. An aHernative cold forming 
process is hinted at. without any particular details. 
50 Regardless of the process used to produce them, exter- 
nal cylindrical tank stubs are. by def inHion. useful only 
with cylindrical f tow tubes, and cylindrical flow tubes are 
clearly not the preferred design direction for future, high 
performance parallel flow condensers. 
55 [00051 Future high performance automotive con- 
denser designs will be driven by two very simple and 
obvious performance criteria. One is the fact that con- 
densers are not inherently linked in performance by the 
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refrigerant drop across the flow tubes, be they the many 
flow tubes of a parallel flow (or tube and fin) condenser 
or the single flow tube of a serpentine condenser. 
Rather, they are limited in the other direction, by the per- 
pendicular cooling air flow forced across the tubes and 5 
fins by the same fan that pulls air through the engine 
cooling radiator. Such fans are limited in power. Second 
is the obvious fact that the flatter and thinner the flow 
tube, the less air pressure drop across the core it wilt 
cause. Elemerrtary heat exchanger texts have, for dec- 70 
ades, taught that a fattened" or elliptical tube blocks 
less air flow than a cylindrical or "round" tube. Of 
course, the ultimate in *^laf tubes is a tube with a thin, 
rectangular cross section. The thinner it is, the less 
forced air flow it blocks. Therefore, high performance 75 
automotive condensers, now and in the future, will gen- 
erally be parallel flow, with tubes as thin as it is possible 
for the tube manufacturers to successfully produce. 
That has been the clear design direction of tube manu- 
facturers, especially those that make integral, extruded 20 
aluminum tubing, since the late 1960*s. That is. thinner 
"and thinner tubing, as allowed by advances in their teciv 
nology. such as improved extrusion die design, higher 
pressure presses, and improved aluminum alloys. 
[0006] There are some unique manufacturing Issues 2S 
with parallel flow condensers using flat tubes, as com- 
pared to tube arxi fin condensers using round tubes. 
Condensers using flat tubing typically use corrugated 
cooling fins brazed between the flat surfaces of each 
parallel pair of tubes. Instead of planar, flat fins. This is 30 
because it is essentially impossible to practically 
mechanically expand the inside of a very thin, flat tube. 
In earlier designs, flat tube parallel flow condensers did 
not typically use cylindrical, one piece manifold tanks. 
Instead, they used rectangular, two piece tank designs, 3s 
three sided trough shaped rear piece closed by a slotted 
header plate at the front. This is because, with the rela- 
tively wide flat tubes in use in the early 1980's. a cylin- 
drical manifold tank of round cross section would have 
been volumetrically inefficient. It would had to have a 40 
diameter at least equal to the width of the tubes, making 
it far larger in volume than necessary. Now that flat 
tut>es have become narrower as well as thinner, cylindri- 
cal, one piece manifold tanks for flat tube condensers 
are potentially practical. However, one piece round 4S 
manifold tanks for flat flow tufc>es face the same problem 
relative to insertion of flow separators. 
[0007] The typical design disclosed for a round mani- 
fold feeding flow into and out of flat condenser tubes is 
simply the flat tube equivalent of the punched in cylindri- so 
cal tube insertion slots described above for round tubes. 
That is, the slots are still punched inwardly, and flared 
inwardly, but are basically oblong or rectangular in pro- 
file, rather than round. Again, one of the inevitat>le 
results of inwardly punching closely spaced slots ss 
through the tank walls without supporting the inner pro- 
file of the tank wall is that the round inner profile of the 
tank is severely deformed and disturbed. A well illus- 
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trated example of the inevitable disturbance of the 
round tank profile can be seen in USPN 4,615,385 
issued October 7, 1986. to Saperstein, et al. While this 
aeates a desirable tube lead in surface, it makes the 
later insertion of round flow separators inrpossible, at 
least without cutting a dedicated insertion slot through 
the back of the tank for the separator. A typical separa- 
tor insertion slot cut through the back of a tank may be 
seen in USPN 5.246.064 issued September 21, 1993. 
to Hoshino et al. As a consequence, some designs 
attempt to obtain the pressure resistance benefits of a 
single piece round tank with a two piece round tank, in 
which two half cylinders are sandwiched together 
around the separators. An example may be seen in 
USPN 5.329.995 issued July 19. 1994, to Dey et al. 
While the separator insertion slot is eliminated in two 
piece designs, two full length txaze seams are added 
instead. As an alternative to punching the tube slots 
inwardly and disturbing the tube profile, USPN 
5.052.478 issued October 1, 1991. to Nakajima et al. 
discloses a method of supporting the inner surface of 
"the~tahk with a cylindrical arbor as the tube slots are 
punched out. However, with this method, the lead in sur- 
face available in the tube slot to guide the flow tube ends 
into place is limited in thickness to not much more than 
the wall thickness of the tank material itself. Interest- 
ingly, even with the internal arbor to preserve the tank's 
round inner profile, the use of flow separator insertion 
slots cut through the back of the tank is still disclosed. 
Apparently, just the process of puncNng slots through 
the wall of even ah arbor supported tank wail creates 
enough burr on the slot edges to prevent the later ram 
rod type insertion of round flow separators. 

SUMMARY OF THE INVENTION 

[0008] A method of forming a cylindrical heat 
exchanger tank in accordance with the present inven- 
tion is characterized by the features specified in Claim 
1. 

[0009] In general, in the method of the invention, a 
cylindrical tube blank is sealed and internally pressu- 
rized between a pair of dies that closely support the 
entire outer surface of the blank, but for a series of reg- 
ularly spaced depressions of particular shape. The tube 
fcDiank is thereby expanded out and into the concave 
depressions. The die depressions are shaped so as to 
create a series of regularly spaced, convex peripheral 
bulges, each surrounding a concave, central groove. 
Each central groove matches the width and thickness of 
a flat f bw tube end. while each peripheral bulge borders 
a central groove and reinforces the tank wall locally, in 
the nature of a corrugation. The inner cylindrical profile 
of the blank is undisturbed by the forming process. 
[0010] The formed blank is next supported in a pierc- 
ing apparatus and each inset, central groove is pierced 
through completely, leaving an oblong slot the proper 
size to closely receive the end of a flat flow tube. The 
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surrounding peripheral bulge provides both a tube end 
lead in surface for the slot that it surrounds, as well as a 
supporting shelf for the tube end. The bulge is substan- 
tially thicker than could be provided just by the thickness 
of the tank wall itself, so that a more effective lead in and 
support surlace can be provided. Moreover, because 
the regularly spaced bulges are entirely external to the 
original round interior profile of the blank, they aeate no 
impediment to the later Insertion of a round flow separa- 
tor into the tank interior. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1] These and other features of the invention will 
appear from the following written description, and from 
the drawings, in which: 

Rgure 1 is a perspective view of a flat sheet used to 
produce the cylindrical blank; 
Rgure 2 is a perspective view of an end of the cylin- 
drical blank; 

Figure 3 is a perspective view of the pressure form- 
ing apparatus used to mold the blank; 

ngur-e-4-is a-perspective-view of-just-the-outer shell- - 

of the pressure forming apparatus, showing the 
location of the upper forming dies and tube blank: 
Rgure 5 is a perspective view of the inner surface of 
one end of the upper dies, illustrating the concave 
depressions therein; 

Rgure 6 is a lengthwise cross section of a portion of 
both dies and a portion of the blank closely sup- 
ported therebetween, shown prior to forming; 
Rgure 7 is a perspective view of the end of the 
blank after pressure forming, but prior to slot pierc- 

Rgure 8 is a side view of the end of the formed 
blank of Figure 7; . , 

Rgure 9 is an axial end view of the formed blank of 

Rgure 7; , . 

Rgure 10 is a perspective view of the slot piercing 
apparatus with the formed blank supported therein 
prior to slot piercing; 

Rgure 1 1 is a side view of the formed blank with the 
slot piercing blades approaching the unpierced 
inset grooves in the formed tube blank; 
Rgure 12 is the same view as Figure 11 . but show- 
ing the piercing blades after having pierced through 
the inset grooves; 

Rgure 13 showvs the tube slots fully pierced; 
Rgure 14 is a perspective end view of the com- 
pleted tank; 

Figure 15 is a side view of the tank showing the 
pierced slots aligned with the ends of their respec- 
tive flow tubes and corrugated cooling fins; and 
Figure 16 is a broken away perspective view of a 
completed condenser and manifold tank. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 2] Refen-ing first to Figure 16, a completed heal 
exchanger, which may preferably be an automotive air 
5 conditioning system condenser, is indicated generally at 
20 Condenser 20 is the parallel flow type described 
above, with a series of elongated 'liar tubes, each of 
which is indicated generally at 22. Each tube 22 is pref- 
erably an integral, thin aluminum extrusion, though it 
10 may be formed of any material and by any method. 
However formed, each tube 22 has a substantially rec- 
tangular, regular cross section all along its length, and is 
substantially wider (W) than thick (T). including the tube 
ends 24. These dimensions are a fixed, given quantity. 
15 relative to which the method of the invention is 
designed. A series of corrugated cooling fins 26 is 
brazed between the regularly spaced tubes 22. forming 
the basic central core of the condenser 20. Refrigerant 
is fed into and out of the condenser 20 by a pair of man- 
go ifold tanks, one of which is indicated generally at 28. 
The tanks 28 are oriented generally vertically when 
mounted in a vehicle, in front of the radiator, and the 
tubes 22 and fins 26 run basically horizontally. While the 
__manrfold-tanks 28-ar.e.basically_identical. one tank 28. in 
25 the preferred embodiment disclosed, preferably pro- 
vides both the refrigerant inlet and the outlet, through a 
pair of f ittings 30 divided from one another by an internal 
round flow separator 32. Refrigerant enters the 
inleVoutlet tank 28 through one f itting 30. and flows only 
30 through those flow tubes 22 located on that side of the 
separator 32. The flow then enters the other manifold 
tank 28. not illustrated, which acts as a return tank to 
send the flow back down the remaining flow tubes 22 
located on the other side of the separator 32. Rnally. 
35 flow exits the remaining fitting 30. This so called two 
pass flow is now a common one for high performance, 
parallel flow automotive condensers. The two tanks 28 
are produced identically by the method of the invention, 
but for the later addition of the fittings 30 and separator 
40 32 to whichever tank 28 is designated as the inlet/outlet 
tank. An added advantage of the method of the inven- 
tion IS that the tank it produces is particularly amenable 
to the later installation of the separator 32. if needed. 
[00131 Referring next to Figures 1 and 2, tank 28 is 
45 produced from a basic tubular or cylindrical one piece 
blank 34. Blank 34 is preferably first formed from a flat 
aluminum alloy sheet 36. shown in Figure 1. which 
aflows It to be easily clad with a braze nriaterial on one 
side. Then, the flat sheet 36 is rolled into a cylinder with 
so the braze layer on the outside, and seam welded down 
the back to produce the blank 34. Blank 34 could be 
formed by any other method or material, but braze clad 
aluminum is especially useful, since it is difficult to braze 
clad an integral extrusion. Furthermore, since the tubes 
55 22. as noted above, will preferably also be integral 
extrusions, they will not be braze clad. Therefore, it is 
especially desirable to have the outer surface of the 
blank 34 and the tank 28 that it will ultimately form be 
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braze clad, so as to be capable of forming braze seams 
with the unclad tube ends 24 inserted into tank 28. The 
most basic requirement of cylindrical blank 34 is that it 
have an outer diameter (Od) substantially equal to the 
outer diameter desired for the finished tank 28. If it is 
also desired that a flow separator 32 be installed, then 
the inner diameter (Id) of blank 34 should also be sub- 
stantially equal to the diameter of separator 32. 
[0014] Referring next to Figures 3 through 6, the pres- 
sure forming or hydroforming press with which blank 34 
is initially molded or formed is indicated generally at 38. 
Press 38 consists of numerous parts and subsystems, 
well know to those skilled in the art. only of few of which 
are described in detail as being most relevant to the par- 
ticular novel features of the method of the invention.. A 
large outer shell 40 surrounds a pair of inner dies, a first, 
lower die 42 and a second, upper die, indicated gener- 
ally at 44. The terms upper and lower are arbitrary, of 
course, but are used for convenient distinction. The dies 
42 and 44 are. in effect, lengthwise split halves of a 
solid, hollow cylinder, each of which closely supports 
one side, or approximately one hundred and eighty 
degrees of, the outer surface of blank 34. Blank 34 is 
clamped closely between the dies 42 and 44, within the 
shell 40. while the ends of blank 34 are tightly plugged 
and its interior highly pressurized by a suitable hydraulic 
fluid, most often water. Then, the inner surface of blank 
34 is expanded and its outer surface is bulged out into 
the inner surface of the dies 42 and 44, taking on an 
external shape matching whatever internal shape the 
dies present to the outer surface of blank 34. This 
describes the basic pressure forming or hydroforming 
process, as will be understood by those skilled in the 
art. The novel features of the method of the invention 
consist of the details of the internal shape of the dies 42 
and 44. espedally of upper die 44. and the correspond- 
ing shape that they create in the formed blank 34. 
[001 5] Referring next to Figures 5 and 6, details of the 
shape of dies 42 and 44 are illustrated. Lower die 42 is 
a smooth half cylinder, the inner surface of which 
matches the outer diameter of the blank 34. Its function 
is simply to support one side of the outer surface of 
blank 34 without significant deformation or shape 
change. It is the upper die 44 that contains the internal 
surface features designed to create the desired external 
surface features of the completed tank 28. The inner 
surface of upper die 44 is generally smooth and 
matches that of lower die 42. but for a regularly spaced 
series of identical depressions formed along its length, 
indicated generally at 46. Each depressions 46 extends 
generally perpendicular to the length axis of upper die 
44 and is arcuate in shape, subtending approximately 
one hundred and twenty degrees end to end. although 
its projection into a plane would be oblong and basically 
rectangular in shape. Each depression 46 consists of 
two constituent shapes, a concave, peripheral trough 48 
surrounding a central, convex central rib 50. Trough 48 
is generally semi cylindrical in cross section with a con- 



stant depth that may. if desired, be made deeper than 
the wall thickness of blank 34 itself. In fact, it can be 
made as deep as the formability or "stretchability" of the 
alloy of blank 34 will allow. Preferably, the trough 48 has 

5 a constant width across all along its perimeter, as well, 
though that is not absolutely necessary. Each central rib 
50 is convex, at least relative to the surrounding trough 
48, thought it sits well inset from the basic cylindrical 
inner surface of upper die 44. Each rib 50 is also arcu- 

w ate, with a thickness (Tr) substantially equal to the thick- 
ness of a tube end 24 and a flatly projected or chord 
length (Lr) substantially equal to the width of a tube end 
24 This particular shape of each depression 46 is 
designed to aeate a tank surface feature described in 

75 more detail below. 

[0016] Referring next to Figures 3 and 6, the blank 34 
is clamped between the dies 42 and 44, which closely 
support all of the outer surface of blank 34, but for those 
regions thereof covered by the depressions 46. As best 

20 seen in Figure 6, empty volumes are left external to the 
outer surface of blank 34 wherever a depression 46 is 
located. Next, using the press 38 as described above, 
the interior of blank 34 is highly pressurized, which 
causes the interior of blank 34 to bulge out wherever 

25 unsupported, and causes the exterior of blank 34 to 
simultaneously closely conform to the inner surfaces of 
the depressions 46. Inherently, of course, the dies 42 
and 44 will support and preserve the inner surface and 
round profile of the blank 34 everywhere other than at 

30 the depressions 46, since the wall of blank 34 is not 
compressible, even at the high pressures involved. 
Even where the inner profile of blank 34 is deformed, it 
will only be enlarged beyond the original inner diameter, 
never reduced. When the pressure forming between the 

35 dies 42 and 44 is complete, the formed blank 34 is 
depressurized, drained and removed for further 
processing, described next. 

[0017] Refen^ing next to Figures 7, 8 and 9. the formed 
t^lank. indicated generally at 52, is illustrated. Formed 

40 tilank 52 is merely an intermediate piece, which needs 
further processing, but several aspects of it are signifi- 
cant to the shape of the completed tank 28. It will t^ 
noted that the round inner and outer profile of the initial 
blank 34 are everywhere preserved. t>ut for a series of 

45 regularly spaced, convex peripheral bulges 54, each of 
which surrounds an inset central groove 56. Moreover. 
. every part of each bulge 54 and groove 56 is located 
external to the original outer diameter of the initial blank 
34. The shape of the bulges 54 and grooves 56 may be 

50 Simply described as the converse of the troughs 48 and 
rSbs 50 described in detail above. As can best be seen 
in Figure 8, each peripheral bulge 54 is generally semi 
cylindrical, sloping inwardly toward the inset groove 56. 
These features are preserved in the completed tank 28. 

55 [0018] Referring next to Figures 10 through 14. the 
intermediate formed t)lank 52 is next transferred to a 
piercing apparatus indicated generally at 58. A support 
aadle 60. similar to lower die 42. hokis the lower half of 
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formed blank 52 while an upper blade guide 62. similar 
to upper die 44. closes over the top half. A regularly 
spaced series of cutting blades 64 each has a width and 
thickness substantially equal to a groove 56. and there- 
for substantially equal in width and thickness to a tube 
end 24 Once the formed Wank 52 Is clamped between 
the lower support cradle 60 and upper blade guide 62, 
the cutting blades 64 are simultaneously driven down 
through the Wade guide 62 and through the aligned 
grooves 56. A series of regularly spaced tube slots 66 is 
created each of which is properly sized to closely 
receive a tube end 24. thereby completing the basic 
manifoW tank 28. A piece (or two) of chaff 68 is also 
punched out of each slot 66. but this simply falls mside 
the formed Wank 52 and may be easily shaken out and 
removed. Piercing apparatus 58 does not have or need 
any kind of internal mandrel to support the inner surface 
of formed Wank 52. so there is no structure to remove or 
clean in order to dispose of the chaff 68. Even though 
there is no internal support mandrel, the cross sectional 
shape of profile of formed Wank 52 is preserved during 
the slot cutting process, since each peripheral bulge 54 
acts as a localized strengthening corrugation around a 
central groove 56 as it is pierced through. Each periph- 
eral bulge 54 also provides advantages in the com- 
pleted tank 28, described next. 
[001 91 Referring next to Figures 1 5 and 1 6. the com- 
Dleted tank 28 is ideally suited for the process of assem- 
bling the condenser 20. If a round separator 32 is 
needed it can be easily installed, as by ramming, to any 
point along the length of tank 28. There are no 
deformed areas or slot edge burrs extending inwardly of 
the original inner diameter of the Wank 34 to prevent or 
interfered with the separator installation process. Even H 
no separator 32 is needed, the tank 28 is ideally suit«l 
for the insertion of the tdoes 22 as condenser 20 is 
assembled. The semi cylindrical cross sectional shape 
of the peripheral bulges 54 act as lead in surfaces to 
guide the tube ends 24 toward and into the slots 66 as 
the tubes 22 are inserted. Since the external peripheral 
bulges 54 extend radially beyond the original outer 
diameter of the Wank 34 to a degree indicated at X in 
Figure 16 they provide a substantial support shelf for 
the tiije ends 24. wrtitah need not extend as far into and 
past the inner diameter of the tank 28 as they othenwise 
woukJ And. as noted above, the dimension X is not lim- 
ited to the wall thickness of the material of lank 28. as it 
vwuld be if mandrel supported slots had been cut. X is 
limited only by the depth of the concave troughs 48 in 
the upper die 44 and, uHimately. limited only by the 
formabilily of the alloy from which tank 28 is pressure 
formed Moreover, the curved shape of the lead in sur- 
face provided by the inner edges of the peripheral 
bulges 54. where they contact the flat outer surfaces of 
the tube ends 24. provides an ideal capillary action tor 
the formation of leak free, complete braze seams. Since 
the tube ends 24 and their supporting surfaces do not 
intrude so far into the interior of tank 28. a smaller diam- 



eter tank 28 may be used, as well. Therefore, the 
method of the invention presents advantages not only in 
ease of processing the tank 28 , but also in the later 
assemUy and operation ol condenser 20 itself. 

Claims 
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A method for producing a cylindrical heat 
exchanger manifold tank (28) for feeding flow to a 
plurality of substantially flat flow tubes (22) of pre- 
determined width and thickness, the ends (24) of 
which ftow tubes (22) are inserted into said mani- 
fold tank (28) at substantially regularly spaced inter- 
vals atong the length thereof, comprising the steps 
of. 

providing a cylindrical Wank (34) with an outer 
diameter equal to the desired outer diameter of 
the finished manifold tank (28). 
providing a first die (42) to create dose support 
for one side of the outer surface of said Wank 
(34) . 

providing a second, matching die (44) to create 
close support for the remaining side of the 
outer surface of said blank (34). 
providing a plurality of regularly spaced, arcu- 
ate depressions along the length of the inner 
surface of said second die (44) , said depres- 
sions (46) extending substantially perpendicu- 
lar to the length of said second die (44) and 
each having a peripheral, concave trough (48) 
surrounding a convex central rib (50), said 
groove (50) having a length and width approxi- 
mately equal to the respective width and thick- 
ness of said tubes (22), 
siworting said blank (34) closely between 
sad dies (42. 44) and internally pressurizing 
the interior of said blank (34) sufficiently to 
force the material thereof into contormance 
with said second die depressions (46). thereby 
creating a formed Wank (52) with a series of 
regularly spaced, convex external peripheral 
bulges (54) matehing the shape of said con- 
cave troughs (48) and surrounding a central 
concave groove (56) matching the shape of 
said convex central ribs (50). and. 
piercing through each central groove (56) in 
said formed Wank (52). thereby creating a fin- 
ished manifoW tank (28) having an undeformed 
cylindrical inner surface and a regularly spaced 
series of tube slots (66) properly sized to 
receive a tube end and each sun-ounded by a 
peripheral, erternal peripheral bulge (54) to 
provide an external lead in to support and 
guide the insertion of said lube end (24). 

2 The method according to daim 1 . further character- 
ized in that a round ftow separator (32) is inserted 
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internal to the cylindrical inner surface of said man- 
ifold tank (28). 

The method according to claim i further character- 
ized in that the concave trough (48) surrounding 
said central rib (50) has a substantially constant 
depth and width and a substantialty semi cyirxlMcal 
cross section. 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



7 



EP 0 900 605 A2 



Fig.l 



36- 




I 



EP 0 900 605 A2 




EP 0 900 605 A2 




EP 0 900 605 A2 




EP 0 900 605 A2 



Fig.10 




60- 



12 



DMorv-v^irv -CD 



EP 0 900 605 A2 



Fig.11. 




13 



EP 0 900 605 A2 



Fig.14. 



Fig. 15. 




EP 0 900 605 A2 




15 



I 



tHISPAai BLANK (USPTO) 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 900 605 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

16.01.2002 Bulletin 2002/03 

(43) Date of publication A2: 

10.03.1999 Bulletin 1999/10 

(21) /Application number: 98202640.3 

(22) Date of filing: 05.08.1998 



(51) intci.7: B21D 53/08, B21D 53/02, 
B21D 26/02 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES PI PR GB GR IE IT LI LU 


• 


Buchanan, William James 


MC NL PT SE 




Olcott, New York 14126 (US) 


Designated Extension States: 


• 


Wasse, Siegfried A. 


ALLTLVMKROSI 




Grand Island, New York 14072 (US) 


(30) Priority: 05.09.1997 US 927125 


(74) 


Representative: Denton, Michael John et al 






Delphi Automotive Systems Centre Technique 


(71) Applicant: Delphi Technologies, Inc. 




Paris 117 avenue des Nations B.P. 60059 


Troy, Ml 48007 (US) 




95972 Roissy Charles de Gaulle Cedex (PR) 



(54) Method of forming a cylindrical heat exchanger header tank 



(57) A method for producing a cylindrical automotive 
condenser manifold tank (28) provides a regularly 
spaced series of tube insertion slots (66) located entirely 
externally to the original outer surface of the blank (34) 
from which the tank (28) is formed. In addition, the slots 
(66) are provided by a peripheral bulge (54) that pro- 



vides a lead in surface and support shelf for the ends 
(24) of the flat flow tubes (22). The blank (34) is hydro- 
formed between a pair of dies (42, 44) designed to cre- 
ate the desired external surface features, while preserv- 
ing the round inner surface of the blank (34) without an 
internal support mandrel. 




Printed by Jouve. 75001 PARIS (PR) 



EP 0 900 605 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 20 2640 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat&gcKy 



Citation of documant with indication, where appropriate, 
of relevant passages 



EP 0 138 435 A (GEN MOTORS CORP) 
24 April 1985 (1985-04-24) 

* the whole document * 

US 5 246 064 A (YASUTAKE TAKAYUKl 
21 September 1993 (1993-09-21) 

♦ the whole document * 



ET AL) 



Relevant 
to dalm 



CLASSinCATlON OF THE 
APPLICATION (lnLCt.e) 



1-3 



1-3 



B21D53/08 
B21D53/02 
621026/02 



The present search report has been drawn up for all daims 



TECHNICAL FIELDS 
SEARCHED (li^-CM) 



B21D 



THE HAGUE 



Oaia ol camcMion of ttw Mstch 

26 November 2001 



Exaniinw 

Peeters, L 



CATEGORY OF CfHED DOCUMENTS 

X : pailicutaily retevanl R taken aloiM 

Y : parttcularty niswA n oorrimiBd with anOltwr 

document or the same category 
A : tecnnotogical tacKground 
O: non-wrliendisdowie 
p : imermKHale document 



T : theory or principle undertylngthe kiventlon 
E : outer palant document, but puiritohed on. or 

alierihefilngdBle 
D : documei* ctod v\ the ^iplcalion 
L : doctmni ctedfor other mBSone 



& : rr^mter OT trve same paient 
documenl 



2 



EP 0 900 605 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 20 2640 



This annex hsts me patent tamiiy membersrelating to tne patent documents cited in the above-mentioned European search report. 
The memtjers are as contained in rte European Patent Office EDP lile on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

26-11-2001 



Patent document 
cited in search report 



Publication 
date 



Patent tamity 
Tnember(s> 



Pubilcalion 
date 



EP 0138435 



24-04-1985 



US 5246064 



21-09-1993 



EP 


0138435 


A2 


24-04-1985 


JP 


60101483 A 


05-06-1985 


JP 


3045300 


B 


10-07-1991 


JP 


63034466 


A 


15-02-1988 


US 


RE35711 


E 


06-01-1998 


AT 


58009 


T 


15-11-1990 


AT 


78579 


T 


15-08-1992 


AT 


197501 


T 


11-11-2000 


CA 


1301161 


Al 


19-05-1992 


CA 


1326481 


Al 


25-01-1994 


CA 


1324602 


A2 


23-11-1993 


DE 


3752324 


Dl 


14-12-2000 


DE 


3752324 


T2 


29-03-2001 


DE 


3765875 


Dl 


06-12-1990 


DE 


3780648 


Dl 


27-08-1992 


DE 


3780648 


12 


17-12-1992 


EP 


0255313 


A2 


03-02-1988 


EP 


0360362 


Al 


28-03-1990 


EP 


0479775 


A2 


08-04-1992 


EP 


0480914 


A2 


15-04-1992 


US 


4825941 


A 


02-05-1989 


US 


4936379 


A 


26-06-1990 


US 


5458190 


A 


17-10-1995 


US 


5482112 


A 


09-01-1996 


US 


RE35655 


E 


11-11-1997 


US 


5025855 


A 


25-06-1991 


US 


5190100 


A 


02-03-1993 


us 


RE35742 


E 


17-03-1998 


JP 


1900372 


C 


27-01-1995 


JP 


3045302 


B 


10-07-1991 


JP 


63243688 


A 


11-10-1988 



9 

ui Foi morac 



i about tMs annex : see Offidat Journal of the European Patent Ottioe. No. 12/82 



3 



I 



THIS PAGE aUMKlusPTO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□^DpiTEXT OR DRAWING 

(Blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gj^ay scale documents 

cj lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



